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A b s t r a c t  

T h i s  r e p o r t  p r e s e n t s  t h e  p r o g r e s s  t o  d a t e  of  t h e  
work on t h e  p r o j e c t  e n t i t l e d  b l a r t i a n  Envi ronmenta l  
E f f e c t s  on S o l a r  Cel ls  and S o l a r  C e l l  Cover G l a s s e s  
by t h e  Department  of  G e o s c i e n c e s ,  Texas Tech Uni- 
v e r s i t y  f o r  t h e  J e t  P r o p u l s i o n  L a b o r a t o r y ,  Pasadena ,  
C a l i f o r n i a ,  under  C o n t r a c t  9 5 2 5 8 2 ,  a s u b c o n t r a c t  o f  
NASA, NAS7-100. 

The p o s s i b i 1 i . t y  o f  d u s t  s t o r m s  on Mars i s  r e c o g n i z e d  
a s  i s  t h e  p o s s i b i l i t y  o f  d e t r i m e n t a l  e f f e c t s  of d u s t  
s t o r m s  t o  any s o l a r  c e l l  a r r a y  p l a c e d  a t  o r  n e a r  t h e  
s u r f a c e  of  ?!ars .  S o l a r  c e l l s  w i l l  be s u b j e c t e d  t o  
d u s t  s t o r m s  i n  wind t u n n e l s  where s i m u l a t e d  M a r t i a n  
e n v i r o n m e n t a l  c o n d i t i o n s  p r e v a i l .  The e l e c t r i c a l  
pe r fo rmance  of  t h e  s o l a r  c e l l s  w i l l  b e  t e s t e d  b e f o r e  
and a f t e r  e a c h  t e s t  and t h e  damage t o  t h e  c e l l s  w i l l  
be a s s e s s e d .  A d e s c r i p t i o n  o f  t h e  wind t u n n e l  i n  
which e x p e r i m e n t s  a t  ambient  t e m p e r a t u r e s  a r e  p e r -  
formed i s  p r e s e n t e d .  A s  o n l y  preliminary t e s t s  have 
been comple t ed ,  no c o n c l u s i o n s  o r  recommendations 
a r e  p r e s e n t e d .  
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Summa r y 

V a r i o u s  i n v c s t i g a t o r s  have s u g g e s t e d  t h a t  d u s t  s t o r m s  
do occur  i n  t h e  r a r e f i e d  a tmosphere  of  ;.lars. Because 
t h e  p o s s i b i l i t y  does  e x i s t ,  i t  i s  n e c e s s a r y  t h a t  t h e  
e f f e c t s  o f  sucli s torms  on t h e  pe r fo rmance  of  s o l a r  
c e l l s  be  d e t e r m i n e d  p r i o r  t o  a s o f t  l a n d i n g  on biars. 

During d u s t  s t o r m s  f i n e  p a r t i c u l a t e  m a t t e r  c o u l d  be  
d e p o s i t e d  on t h e  c e l l s  and t h e  c o v e r  g l a s s e s  c o u l d  
be a b r a i d e d .  I n  e i t h e r  c a s e  t h e  e f f i c i e n c y  of  t l ie 
s o l a r  c e l l s  would be  r educed .  I n  o r d e r  t o  d e t e r m i n e  
how e x t e n s i v e  t h e  damage and b l a n k e t i n g  e f f e c t  t o  
t h e  c o v e r  g l a s s e s  m i g h t  be and t l ie r e s u l t i n g  r e d u c t i o n  
i n  t h e i r  e f f i c i e n c y  a s e r i e s  of  e x p e r i m e n t s  unde r  
p r  ed i c t ed  ?.la r t i an env i r onmen t a 1 c ond i t i on s h a s  be e n  
s p e c i f i e d .  

A wind t u n n e l  o €  t h e  " r a c e  t r a c k "  t y p e  h a s  been  c o n s t r u c -  
t e d  of  p l a s t i c  and wil l  be u s e d  i n  a l l  t e s t s  a t  ambient  
t e m p e r a t u r e s .  

A second riind tui lnel  i s  be ing  c o n s t r u c t e d  o f  s h e e t  
m e t a l .  Hea t ing  and c o o l i n g  e l e m e n t s  will b e  p r o v i d e d  
i n  o r d e r  t o  c o n t r o l  t h e  t e n i p e r a t u r e .  One s e r i e s  o f  
t e s t s  t i i l l  be run  a t  Z4S0K and a second s e r i e s  w i t h  
t e m p e r a t u r e s  r e p r o d u c i n g  d i u r n a l  v a r i a t i o n s  ove r  t e s t  
p e r i o d s  o f  up t o  t h r e e  d a y s .  

Fol lowing  e a c h  t e s t  t h e  t o t a l  t r a n s m i s s i o n  O C  t h e  
s o l a r  c e l l  c o v e r  g l a s s e s  w i l l  b e  de t e r in ined  and 
each  c o v e r  g l a s s  will be  s u b j e c t e d  t o  n i i c roscop ic  
e x a m i n a t i o n s  t o  de t e rmine  t h e  e x t e n t  o f  damage. 
C u r r e n t  v o l t a g e  cu rves  \<ill be  made b e f o r e  and 
a f t e r  e x p o s u r e  t o  each t e s t  i n  o r d e r  t o  e v a l u a t e  
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t h e  e f f e c t s  upon t h e  e l e c t r i c a l  pe r fo rmance  o f  t h e  
s o l a r  c e l l s .  C e l l  assemblages  w i l l  be  t e s t e d  i n  
g roups  of  f o u r  w i t h  each  subgroup hav ing  d i f f e r e n t  
p r o t e c t i v e  c o v e r  g l a s s e s ,  namely,  q u a r t z ,  Corning 
No. 0 2 1 1  F l i c r o s h e e t ,  s a p p h i r e  and i n t e g r a l .  

P r e l i m i n a r y  t e s t s  w i t h  c o v e r  g l a s s e s  o f  q u a r t z ,  
Corn ing  No. 0 2 1 1  F l i c roshee t  and s a p p h i r e  i n d i c a t e  
t h a t  t h e r e  w i l l  b e  l i t t l e  o r  no a b r a s i v e  damage 
b u t  t h a t  a c o a t i n g  of f i n e  p a r t i c u l a t e  m a t t e r  w i l l  
a ccumula t e  and t h u s  r e d u c e  t h e  e l e c t r i c a l  pe r fo rm-  
ance  o f  t h e  s o l a r  c e l l s .  
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I n t r o d u c t i o n  

Flost o b s e r v e r s  of X a r t i a n  a t m o s p h e r i c  phenomena 
a c c e p t  t h e  s u g g e s t i o n  t h a t  t h e  y e l l o w  c l o u d s  a r e  
d u s t  c l o u d s .  Because no r e a s o n a b l e  a l t e r n a t i v e  
s u g g e s t i o n s  have been o f f e r e d ,  we must a c c e p t  t h e  
p o s s i b i l i t y  t h a t  d u s t  s t o r m  do o c c u r  i n  t h e  F la r t i an  
a tmosphere  ( s e e  comments i n  T e c h n i c a l  D i s c u s s i o n  
sec t ion ! .  The e f f e c t s  of wind d r i v e n  d u s t  and s a n d  
p a r t i c l e s  on equipment t o  be  l a n d e d  on t h e  b l a r t i a n  
s u r f a c e  must be  de t e rmined .  I f  such  e f f e c t s  a r e  
d e t r i m e n t a l  t o  t h e  o p e r a t i o n  of t h e  equipment ,  
changes t o  e l i m i n a t e  t h e s e  e f f e c t s  must b e  i n c o r p o -  
r a t e d  i n  t h e i r  d e s i g n .  

A t  p r e s e n t  most i t e m s  of equipment  which a r e  f lown i n  
space  o r  l a n d e d  on an e x t r a t e r r e s t r i a l  body r e c e i v e  
t h e i r  power from s o l a r  c e l l  a s semblages .  I n  s p a c e  o r  
on t h e  l u n a r  s u r f a c e  t h e r e  a r e  no  d u s t  s t o r m s  s o  t h e  
problem of  t h e i r  d e t r i m e n t a l  e f f e c t  h a s  n o t  e x i s t e d  
t o  d a t e .  On Mars t h e  problem may e x i s t  and equipment  
may become i n o p e r a t i v e  f o r  l a c k  of power f o l l o w i n g  
a d u s t  s t o r m .  

I n  o r d e r  t o  d e t e r m i n e  t h e  e f f e c t  of d u s t  s t o r m s  on 
s o l a r  c e l l s  and s o l a r  c e l l  c o v e r  g l a s s e s  a s e r i e s  of  
t e s t s  has  been d e s i g n e d  i n  which t h e s e  o b j e c t s  w i l l  
be s u b j e c t e d  t o  d u s t  s t o r m s  a t  s p e c i f i e d  wind v e l o c i -  
t i e s ,  t e m p e r a t u r e s  or  t e m p e r a t u r e  r a n g e s ,  i n  a c a r b o n  
d i o x i d e  a tmosphere  c o n t a i n i n g  a t r a c e  of m o i s t u r e .  
These t e s t s  w i l l  be  c a r r i e d  o u t  i n  wind t u n n e l s  
d e s i g n e d  s p e c i f i c a l l y  € o r  them. To a s s e s s  t h e  r e s u l t s  
t h e  f o l l o w i n g  t e s t s  w i l l  be  made. 

( i )  The t o t a l  t r a n s m i s s i o n  of  t h e  s o l a r  c e l l  
c o v e r  g l a s s e s  b e f o r e  and a f t e r  s u b j e c t i n g  
them t o  d u s t  s t o r m s .  
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( i i )  Microscopy of  s o l a r  c e l l  c o v e r  g l a s s e s  
u s i n g  phase c o n t r a s t  and p o l a r i z e d  l i g h t  
t e c h n i q u e s .  

( i i i )  C u r r e n t  v o l t a g e  c u r v e s  w i l l  be made 
b e f o r e  and a f t e r  exposure  t o  d u s t  s torn is  
a s  i s  n e c e s s a r y  t o  e v a l u a t e  t h e  e f f e c t s  
upon t h e  e l e c t r i c a l  pe r fo rmance  o f  t h e  
s o l a r  c e l l  c o v e r  g l a s s  c o m b i n a t i o n s .  

( i v )  Fo l lowing  ( i i i)  c o v e r  g l a s s e s  w i l l  be  
removed and t h e  measurements  r e p e a t e d .  
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T e c h n i c a l  D i s c u s s i o n  

Based upon d a t a  p r e s e n t e d  i n  J P L  Document No.606-1, 
d a t e d  J u l y  1 5 ,  1 9 6 8  ( l ) ,  t h e  F la r t i an  envi ronment  a t  
o r  v e r y  n e a r  t h e  s u r f a c e  i s  a s  f o l l o w s .  

S u r f a c e  p r e s s u r e  - QlOmb 
Composi t ion of t h e  atrnosphere - > S O %  C O Z Y  t h e  
r ema inde r  p r o b a b l y  an i n e r t  g a s  such  a s  a r g o n ,  
p l u s  o r  minus t r a c e  of w a t e r  v a p o r .  
Tempera tures  
blaximum a t  e q u a t o r  - %30S0K 
blinimum a t  e q u a t o r  - ~ 1 7 0 O K  
Mean a m p l i t u d e  of  d i u r n a l  v a r i a t i o n  a t  
e q u a t o r  - %96OK 
blean p o l a r  cap  r e g i o n  ( e s t i m a t e d )  

Win te r  - ? .220°K 
Summer - %26SoK 

The s u r f a c e  m a t e r i a l  i s  b e l i e v e d  t o  r e semble  o l i v i n e  
b a s a l t  o r  t h o l e i i t i c  b a s a l t .  The s u r f a c e  l a y e r  i s  
p r o b a b l y  composed o f  u n s o r t e d  p a r t i c u l a t e  b a s a l t  
which r a n g e s  i n  s i z e  from a few mic rons  t o  b l o c k s  
measur ing  t e n s  of  c e n t i m e t e r s  i n  d i m e n s i o n s .  

Wind v e l o c i t i e s  based  upon o b s e r v e d  mot ions  of y e l l o w  
c l o u d s  may r ange  up t o  1 0 0  km p e r  h o u r .  

I n  t h e  d e s i g n  of  t h e  t e s t s  t o  which s o l a r  c e l l s  and 
s o l a r  c e l l  c o v e r  g l a s s e s  w i l l  be  s u b j e c t e d  some e x -  
c e p t i o n s  t o  t h e  above s p e c i f i c a t i o n s  were  made. 
P r e s s u r e .  Because o f  t h e  ex t reme d i f f i c u l t y  i n  
m a i n t a i n i n g  a p r e s s u r e  of  1 0  mb and wind v e l o c i t i e s  
o f  up t o  1 0 0  km/hr i n  a wind t u n n e l ,  i t  was a g r e e d  
t o  u s e  ambient  p r e s s u r e s .  A c t u a l l y  t h i s  will r e s u l t  
i n  "wors t  ca se"  phenomena d u r i n g  t e s t s .  C o r r e c t e d  
wind v e l o c i t i e s  can  be d e t e r m i n e d  m a t h e m a t i c a l l y .  
Atmosphere.  The a tmosphere  will b e  1 0 0 %  c a r b o n  d i -  
o x i d e  2 a t r a c e  of  w a t e r .  
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Tempera tu re .  One s e r i e s  of  t e s t s  w i l l  be  r u n  a t  
ambient  t e m p e r a t u r e s ,  a second s e r i e s  a t  245'K and 
a t h i r d  w i t h  a d i u r n a l  v a r i a t i o n  from 210'K t o  305'K. 
Wind V e l o c i t i e s .  One s e r i e s  of t e s t s  will be  con-  
d u c t e d  w i t h  wind v e l o c i t y  a t  50  km/hr ,  a second a t  
7 5  km/hr ,  and a t h i r d  a t  1 0 0  km/hr .  
P a r t i c u l a t e  ? + l a t t e r .  The d u s t  p a r t i c l e s  t o  b e  u s e d  
i n  t h e  t e s t s  were o b t a i n e d  by g r i n d i n g  and s i e v i n g  
o l i v i n e  b a s a l t  which was c o l l e c t e d  i n  t h e  Hudson 
b lounta ins ,  E l l s w o r t h  Land, A n t a r c t i c a .  The p r i n c i -  
p a l  c o n s t i t u e n t s  a r e  c l i n o p y r o x e n e ,  p l a g i o c l a s e  and 
o l i v i n e .  A s m a l l  amount of  g l a s s  i s  p r e s e n t .  T h i s  
d i f f e r s  somelchat from t h e  c o m p o s i t i o n  of t h e  f i n e s  
i n  t h e  l u n a r  s o i l  o b t a i n e d  by t h e  a s t r o n a u t s  o f  
Apo l lo  11. I n  t h e  l u n a r  m a t e r i a l  g l a s s  c o n s t i t u t e s  
a b o u t  50  p e r c e n t  and i l m e n i t e  i s  a p r i n c i p a l  con-  
s t i t u e n t  ( 2 ) .  These c o m p o s i t i o n a l  d i f f e r e n c e s  s h o u l d  
n o t  a l t e r  t h e  r e s u l t s  of t h e  t e s t s  s i g n i f i c a n t l y .  
Wind t u n n e l  t e s t s  have shown t h a t  movement of  p a r t i -  
c l e s  of l e s s  t h a n  60 mic rons  i n  s i z e  w i l l  n o t  be 
i n i t i a t e d  by wind v e l o c i t i e s  of  1 0 0  km/hr o r  l e s s .  
The p r e s e n c e  of s l i g h t l y  l a r g e r  p a r t i c l e s  i s  n e c e s -  
s a r y  t o  i n i t i a t e  movement. These l a r g e r  p a r t i c l e s  
move by t h e  p r o c e s s  of  s a l t a t i o n  and w i t h  e v e r y  
bounce f i n e r  p a r t i c l e s  a r e  knocked i n t o  t h e  a i r  
s t r e a m  where t h e y  remain i n  s u s p e n s i o n .  The f i n e s  
i n  t h e  l u n a r  s o i l  m a t e r i a l  b r o u g h t  t o  e a r t h  by t h e  
a s t r o n a u t s  i n  t h e  "bulk box" were composed o f  approx-  
i m a t e l y  4 5 %  i n  t h e  1 2 5 - 6 2 . 5  micron  r ange  and 2 5 %  
i n  t h e  l e s s  t h a n  62 .5  micron  r ange  ( 2 ) .  Based upon 
o b s e r v a t i o n s  of t h e  g e n e r a t i o n  o f  d u s t  s t o r m s  i n  
t h e  wind t u n n e l  u s i n g  v a r i o u s  s i z e  p a r t i c l e s ,  i t  
was d e c i d e d  t h a t  ' 'worst  c a s e "  c o n d i t i o n s  coulcl  b e  

o b t a i n e d  u s i n g  a m i x t u r c  o f  p a r t i c u l a t e  m a t t e r  
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composed o f  7 5 %  i n  t h e  125-250 mic ron  r ange  and 
25% i n  t h e  ~ 6 2 . 5  micron r a n g e .  These  a r e  we igh t  
p e r c e n t a g e s .  

The s c h e d u l e  o f  t e s t s  i s  shown i n  F i g u r e  1. 

A f t e r  many d e l a y s  t h e  i n s t r u m e n t s  t o  be used  i n  
t h e  c u r r e n t - v o l t a g e  t e s t s  have been  assembled  and 
c a l i b r a t e d .  

Ambient t e m p e r a t u r e  t e s t s  w i l l  b e  begun on J a n u a r y  
1 9 ,  1970 ,  and w i l l  be pe r fo rmed  i n  Tunnel  No. 1. 
I t  i s  a n t i c i p a t e d  t h a t  t h e s e  t e s t s  w i l l  b e  conc lud -  
ed  i n  one month. A l l  o t h e r  t e s t s  w i l l  be  per formed 
i n  Tunnel  No. 2 which will be  r e a d y  f o r  u s e  on o r  
a b o u t  Februa ry  1, 1 9 7 0 .  

A t t e n t i o n  i s  d i r e c t e d  t o  t h e  r e c e n t  a r t i c l e  by 
Plummer and Carson ( 3 )  i n  which i t  i s  p roposed  
t h a t  t h e  r e d d i s h  c o l o r  of Mars migh t  b e  due t o  
ca rbon  s u b o x i d e  and t h a t  a p o s s i b l e  f a s t  p r o d u c t i o n  
of  t h i s  o x i d e  c o u l d  accoun t  f o r  t h e  y e l l o w  c l o u d s  
which have been  i d e n t i f i e d  a s  d u s t  s t o r m s .  I f  
t h i s  i s  s o ,  c o r r o s i v e  a c t i o n  of  t h e  s u b o x i d e  and 
r e l a t e d  compounds may become an i m p o r t a n t  f a c t o r .  
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R e s u l t s  o f  P r e l i m i n a r y  ‘Tests 

P r e l i m i n a r y  t e s t s  havc been made i n  t h e  wind t u n n e l  
t o  d e t e r m i n e  q u a l i t a t i v e l y  t h e  e f f e c t s  o f  a b r a s i v e  
a c t i o n  on t h r e e  t y p e s  o f  c o v e r  g l a s s e s ,  namely,  
q u a r t z ,  s a p p h i r e  and Corning 0 2 1 1  b l i c r o s h e e t ;  t h e  
r e s u l t s  were a s  f o l l o w s  

no a b r a s i v e  a c t i o n  on any s a p p h i r e  p l a t e  
was n o t e d .  

no a b r a s i v e  a c t i o n  on any Corning  0 2 1 1  
b l i c roshee t  was n o t e d .  

t h e  q u a r t z  p l a t e  e x h i b i t e d  minor  a b r a s i v e  
damage a f t e r  t h r e e  days  a t  100 KFIH 

a l l  p l a t e s  were q u i c k l y  c o a t e d  w i t h  d u s t  
immedia te ly  a f t e r  t h e  i n i t i a t i o n  o f  t h e  
t e s t  r u n s .  

These t e s t s  i n d i c a t e  t h a t  a b r a s i o n  of  t h e  c o v e r  
g l a s s e s  will be  n e g l i g i b l e  b u t  t h a t  t h e  c o a t i n g  
of  t h e  c o v e r  g l a s s e s  by t h e  f i n e  p a r t i c l e s  w i l l  
be  c o n s i d e r a b l e .  
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Appendix 

D e s c r i p t i o n  of  V!ind Tunnel No. 1. 

The wind t u n n e l  f o r  t e s t  e x p e r i m e n t s  a t  ambient  
t e m p e r a t u r e s  and p r e l i m i n a r y  t e s t s  i s  c o n s t r u c t e d  
ma in ly  o f  q u a r t e r  i nch  p l e x i g l a s s .  I t  i s  e s s e n t i -  
a l l y  a c l o s e d  sys tem shaped  l i k e  a r a c e  t r a c k  
( F i g u r e  2 ) .  The ' a t m o s p h e r e '  i s  c i r c u l a t e d  w i t h  
a s q u i r r e l  cage  blower which i s  d r i v e n  by an e l e c -  
t r i c  motor .  Wind v e l o c i t i e s  i n  t h e  s t r a i g h t - a w a y  
s e c t i o n s  o f  t h e  r a c e  t r a c k  where t h e  t e s t s  a r e  p e r -  
formed a r e  c o n t r o l l e d  by v a r y i n g  t h e  c r o s s  s e c t i o n .  

Three  p a i r s  of s t r a i g h t - a w a y  s e c t i o n s  a r e  a v a i l a b l e .  
With one p a i r  a wind v e l o c i t y  o f  50  km/hr i s  main-  
t a i n e d ;  w i t h  t h e  second 7 5  km/hr and 1 0 0  km/hr w i t h  
t h e  t h i r d .  k ' i th  t h i s  a r r a n g e n e n t  no v a r i a t i o n s  i n  
b lower  rpm a r e  n e c e s s a r y  t o  produce  t h e  d e s i r e d  v e -  
l o c i t i e s .  The s o l a r  c e l l  modules t o  be  t e s t e d  a r e  
mounted on we igh ted  b r a c k e t s  i n  such  a way t h a t  
t h e  e n t i r e  o u t e r  f a c e  o f  e a c h  c e l l  and t h e  wire  
c o n n e c t o r s  a r e  exposed t o  t h e  d u s t  s t o r m s .  B e f o r e  
r e a s s e m b l i n g  t h e  r a c e  t r a c k  an a d e q u a t e  amount o f  
' M a r t i a n  d u s t '  i s  d i s t r i b u t e d  i n  t h e  v a r i o u s  s e c t i o n s .  
P r i o r  t o  each  t e s t  t h e  a tmosphere  i n  t h e  r a c e  t r a c k  
i s  swept o u t  and r e p l a c e d  w i t h  C 0 2  g a s  i n  which t h e r e  
i s  a t r a c e  of w a t e r  v a p o r .  The r e a s o n  f o r  t h e  u s e  
of  p l e x i g l a s s  i n  t h e  r a c e  t r a c k  i s  t o  make p o s s i b l e  
d i r e c t  view of t h e  d u s t  s t o r m s .  P r e l i m i n a r y  t e s t s  
have  shown t h a t  some t u r b u l e n c e  i s  g e n e r a t e d  i n  t h e  
cu rved  s e c t i o n s ,  bu t  t h a t  t h e  f low i n  t h e  s t r a i g h t  
s e c t i o n s  when t h e  t e s t s  a r e  per formed i s  e s s e n t i a l l y  
l a m i n a r .  
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Wind Tunnel No. 2 .  

The second wind t u n n e l  i s  t h e  same i n  d e s i g n  a s  
No. 1, b u t  i s  c o n s t r u c t e d  o f  aluminum s h e e t i n g  
and i s  equ ipped  w i t h  c o o l i n g  d e v i c e s .  The tem- 
p e r a t u r e  can  be  c o n t r o l l e d .  I t  h a s  t h e  same 
aerodynamic c h a r a c t e r i s t i c s  a s  t h e  p l e x i g l a s s  
t u n n e l .  
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